A series of new 3,5,6-thiadiaza-4-hexenoates (4a -k) were synthesized from the reaction of the corresponding hydrazonoyl halides 1 with ethyl mercaptoacetate (3). These compounds underwent intramolecular cyclization to 1,3,4-thiadiazin-5-one derivatives (5a -k) in the presence of MeONa or LiH. The structures of the synthesized compounds were confirmed by their elemental analyses and spectral data.
Introduction
1,3,4-Thiadiazines and their derivatives represent a class of heterocyclic compounds that have been associated with several pharmacological [1, 2] and medicinal applications [3] . Some thiadiazinones described in the literature exhibit spasmolytic effects and biological activities [4 -8] . Different methods were used to synthesize 1,3,4-thiadiazin-5-one derivatives, some of which employed thiosemicarbazide [9] , mercaptoacetyl hydrazine [10] , and 4-arylhydrazono-5-oxo-3-thiahexanoic acid [11] . The other methods afforded the fused 1,3,4-thiadiazin-5-ones through basic or thermal cyclization of 4-amino-3-ethoxycarbonylmethylthio-1,2,4-triazoles [12 -15] or 4-amino-3-carboxymethylthio-1,2,4-triazinon-5-ones [16] . In continuation of our research line dealing with the construction of heterocyclic systems by means of the nitrilimine cyclocondensation methodology [17, 18] , we investigated the reaction of C-substituted N-arylnitrilimines 2 with ethyl mercaptoacetate (3) in an attempt to synthesize new derivatives of 1,3,4-thiadiazin-5-ones 5a -k in anticipation of expected interesting biological activities.
Results and Discussion
Recently we found that α-amino esters react readily with nitrilimines, generated in situ from triethylamine and hydrazonoyl halides, yielding the corresponding 4,5-dihydro-1,2,4-triazin-5-ones [19, 20] . On the other 0932-0776 / 08 / 0500-0585 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com hand, the reaction of the nitrilimines 2 with ethyl mercaptoacetate (3) for 2 -3 d at r. t. gave acyclic electrophilic addition products (4a -k) (Scheme 1). Cyclization to the corresponding 1,3,4-thiadiazin-5-ones 5a -k did not occur. This behavior is similar to that reported by Abuthaher et al. [11] , where α-mercaptoalkanoic acids and N-aryl acetohydrazonoyl chlorides reacted to afford 4-arylhydrazono-5-oxo-3-thiahexanoic acids, which underwent cyclization to thiadiazinone rings in the presence of dicyclohexylcarbodimide (DCC).
The acyclic adducts 4a -k were cyclized intramolecularly to the corresponding 2,4-disubstituted 1,3,4-thiadiazin-5-ones 5a -k by heating them with methanolic sodium methoxide or lithium hydride (Scheme 1). The antimicrobial and antitumor activities of compounds 5a -k are now under investigation at the Free University of Berlin, Germany.
Spectral data analysis
The characteristic data of compounds 4a -k are given in detail in the Experimental Section. All compounds gave satisfactory combustion analysis for the proposed structures which were confirmed on the basis of their spectroscopic data.
The electron impact (EI) mass spectra displayed the correct molecular ions (M +· ) in accordance with the suggested structures.
Scheme 1. Synthetic pathway for the preparation of compounds 4a -k and 5a -k.
The IR spectra showed the strong absorption band of NH of the ring in the region 3300 -3200 cm −1 . The carbonyl absorption of the ester group appeared in the region 1730 -1710 cm −1 , and the C-S stretching band appeared in the region 1230 -1220 cm −1 . The 1 H NMR spectra of compounds 4a -k showed signals of the ethyl protons at δ = 1.3 -1.1 ppm (t, 3H, CH 3 ) and 4.2 -4.1 ppm (q, 2H, OCH 2 ), indicating clearly that the ethyl group of the ester was not lost, and that the compounds have the acyclic structure. Also the N-NH proton appeared as a singlet at δ = 10.4 -10.3 ppm.
The 13 C NMR spectra illustrate that compounds 4a -k have the assigned acyclic structures. The carbonyl carbon of the ester group appeared at about δ = 170 ppm, and the signals of the CH 2 and CH 3 carbon atoms of the ethoxy group appeared at about δ = 61 and 14 ppm, respectively. The methylene carbon of S-CH 2 appeared at about δ = 34 -33 ppm, and the signal at δ ≈ 141 ppm is attributed to the C=N carbon atom.
Structure elucidation of the obtained thiadiazinones 5a -k was achieved by analytical and spectral data summarized in the Experimental Section. Their mass spectra displayed the correct molecular ion peaks [M] + in accordance with the suggested structures and showed the loss of an ethoxy group from the acyclic adducts 4a -k via ethanol elimination. The IR spectra of compounds 5a -k support the formation of the cyclic structure by the absence of NH and C=O vibrations of the ester, and the appearance of a new absorption band for a lactam (C=O of the ring) in the region 1680 -1670 cm −1 . The 1 H NMR spectra of compounds 5a -k showed all the signals of the proposed structures, indicating the disappearance of ethyl (CO 2 CH 2 CH 3 ) and N-NH protons. Finally, also the 13 C NMR data illustrated that compounds 5a -k have the assigned cyclic structure by the absence of signals for ethoxy carbons and the presence of the signal at δ ≈ 159 ppm which is typical for a lactam group. Furthermore, the signal of the methylene carbon of the thioester moiety in the acyclic adducts 4a -k (δ ≈ 34 ppm) is shifted upfield to δ ≈ 26 ppm in compounds 5a -k, whereas the signal of the C=N carbon is recorded at δ ≈ 143 ppm.
In conclusion, the results demonstrate that nitrilimines 2 react in a two-step reaction with ethyl mercaptoacetate to give the cyclic derivatives 5a -k.
Experimental Section
Melting points were determined using an electrothermal melting temperature apparatus and are uncorrected. The IR spectra were measured as KBr pellets using a Satellite 3000 Mid infrared spectrometer. 1 H NMR and 13 C NMR spectra were recorded on a Bruker AM 300 MHz spectrometer at r. t. in [D 6 ]DMSO solution using tetramethylsilane (TMS) as internal reference. Electron impact (EI) mass spectra were run on a Shimadzu GCMS-QP1000 EX spectrometer at 70 eV. Elemental analyses were performed at Cairo University, Egypt. The hydrazonoyl halides 1 were prepared according to literature procedures [21 -24] , and ethyl mercaptoacetate (3) was purchased from Avocado Research Chemicals, England, and used without further purification.
Synthesis of compounds 4a -k
General method: To a stirred solution of the appropriate hydrazonoyl halide 1 (5 mmol) and ethyl mercaptoacetate (3) (10 mmol) in tetrahydrofuran (THF) (50 mL), triethylamine (4 mL, 3 mmol) in THF (10 mL) was dropwise added at r. t. Stirring was continued for 2 -3 d, then the solvent was removed under vacuum, and the residual solid was washed with water (100 mL). The solid products were collected and recrystallized from an appropriate solvent to afford the desired compounds. The following compounds were prepared by this method. 
Ethyl 6-(4-bromophenyl)-4-phenylaminocarbonyl-3,5,6-thiadiaza-4-hexenoate (4c)
M
Ethyl 6-(4-fluorophenyl)-4-phenylaminocarbonyl-3,5,6-thiadiaza-4-hexenoate (4d)
Ethyl 6-(4-methylphenyl)-4-phenylaminocarbonyl-3,5,6-thiadiaza-4-hexenoate (4e)
Ethyl 4-benzoyl-6-(4-chlorophenyl)-3,5,6-thiadiaza-4-hexenoate (4f)
Ethyl 6-(4-chlorophenyl)-4-(2-furoyl)-3,5,6-thiadiaza-4-hexenoate (4g)
Ethyl 6-(4-chlorophenyl)-4-(2-thenoyl)-3,5,6-thiadiaza-4-hexenoate (4h)
Ethyl 6-(4-chlorophenyl)-4-(2-naphthoyl)-3,5,6-thiadiaza-4-hexenoate (4j)
Cyclization of compounds 4a -k
Method A: Compounds 4a -k (5 mmol) were added to a methanolic solution of sodium methoxide -prepared from sodium metal (0.12 g, 5 mmol) and methanol (20 mL) -under stirring at r. t. The resulting solution was refluxed for 2 -3 h. After cooling the solvent was removed under reduced pressure, and the residue was washed with water. The solid was collected and recrystallized from ethanol to give the desired cyclic compounds 5a -k.
Method B: To a stirred solution of compounds 4a -k (5 mmol) in dry THF (30 mL) was carefully added lithium hydride (0.08 g, 10 mmol) at r. t. The resulting reaction mixture was refluxed for 30 min. After cooling excess lithium hydride was destroyed with some drops of glacial acetic acid. The solvent was evaporated under reduced pressure and the product extracted three times with chloroform. The combined organic extracts were dried over anhydrous magnesium sulfate, and the solvent was removed under reduced pressure. The resulting solid product was collected and recrystallized from ethanol to give compounds 5a -k that were identical with the ones prepared by method A. 
4-Phenyl-2-phenylaminocarbonyl-6H-1,3,4-thiadiazin-5-one (5a)
